Identifying toddlers at increased risk of developing persistent wheeze provides an opportunity for risk-reducing interventions. House dust mite (HDM) allergen sensitization might identify this group of high-risk children. Objective: We examined whether a positive skin prick test (SPT) to at least 1 of the 3 HDMs in wheezing toddlers, would serve as a predictor for persistent wheeze at age 8 to 14 years old. Methods: A cohort of 78 children, who had wheezing episodes, and underwent SPT to 3 HDMs between the ages of 2 to 5 years old, were enrolled. SPT results were obtained from the National University Hospital database. Four to 9 years later, the children, currently between 8 to 14 years old, were re-assessed for persistence of asthma symptoms and other atopic disorders via a telephone interview. A validated questionnaire on current wheezing and asthma, developed by the International Study of Asthma and Allergies in Childhood, was used. Fisher's exact test was used to evaluate the association between persistence of asthma and a positive SPT. Results: Of the 78 children who participated in the study, 42 (53.8%) had a positive SPT and 36 (46.2%) had a negative SPT. Of these, 18 (42.9%) of SPT positive and 7 (19.4%) of SPT negative children had persistence of asthma symptoms. There is a significant association between a positive SPT during the preschool years, and persistence of asthma (p = 0.0314 [<0.05]). Conclusion: HDM sensitization at ages 2 to 5 years old in wheezing children predicts persistence of asthma after 4 to 9 years. This in turn may have benefits for management of asthma in this high-risk group.
INTRODUCTION
Parents of wheezy infants and toddlers often ask, "When will my child ever grow out of his or her asthmatic symptoms?" This is a question that many physicians involved would like to be able to answer. Wheezing is one of the most common symptoms in preschoolers. Previous studies done in Singapore showed that 25% of toddlers had wheezing before the age of two years [1] . Other population studies have also demonstrated that approximately one in three children have at least one episode of wheezing before the age of 3 years, and that the cumulative prevalence of wheeze is almost 50% at the age of 6 years [2] . However, in spite of the high prevalence, there is little evidence regarding the pathophysiology and treatment of preschool wheezing [3] .
In preschool children, not only are there different phenotypes of wheezing, the etiology of wheeze is also heterogeneous. Two major distinct phenotypes have been distinguished in previous studies: virus-induced wheezing (i.e. non-atopic), and multi-trigger (i.e. atopic) wheezing. Virus-induced wheezing, which makes up about two-thirds of all preschool wheezing, is an intermittent form of recurrent airway obstruction with normal pre-morbid lung function and asymptomatic periods between attacks. These children have a favorable prognosis, and usually only need supportive treatment. On the other hand, multi-trigger wheezing is associated with an underlying allergic constitution, and is less prevalent in preschool children. This form of wheezing tends to occur during and between episodes and is more likely to persist beyond early childhood, with associated significant deficits in lung growth up to 11 years of age [3, 4] .
There is great value in being able to distinguish the persistent wheezers from the transient ones amongst preschool children for the sake of better disease management. This is because a longer duration of wheeze is associated with an increase in disease severity and more troublesome disease [5] .
Studies that have been done so far have given a clinical profile of preschool children who were at increased risk of developing persistent wheeze. These factors include gender (male>female), positive atopic status, previous respiratory syncytial virus infection and the lack of anti-inflammatory treatment, especially inhaled corticosteroids. However, these factors still require further investigation and are still insufficient in helping us predict the prognosis of the disease in this age group [6] .
There is general consensus among various studies that other atopic conditions, such as allergic rhinitis, atopic eczema and food allergy; and family history of atopy are factors associated with persistent wheeze [7] [8] [9] [10] . Furthermore, in a large cohort study performed in Germany, it was demonstrated that any allergic sensitization in early life significantly increased the risk of becoming asthmatic at an older age [11] . Clinical and objective measurement of allergic sensitization can be achieved via two methods -skin prick test (SPT) or serum immunoglobulin E (IgE) testing. Although there is concordance among various studies that increased serum IgE is associated with persistence of asthma [12, 13] , a clear relationship between positive SPT and asthma persistence is difficult to establish [10, 14, 15] .
Thus, the objective of this study is to determine the association of a positive SPT to house dust mites (HDMs) on wheezing preschool children in Singapore and persistent wheezing at age of 8 to 14 years old.
MATERIALS AND METHODS

Study design
This is a prospective cohort study investigating the use of a positive skin prick test as a predictor for persistent wheezing in a group of children between 8 and 14 years old via a telephone interview.
Subjects
Singaporean children aged between 2 and 5 years, who had at least one wheezing episode and a skin prick test done between January 2002 and December 2006, were recruited in the study. Between 4 to 9 years after the skin prick tests were done, the children who were between the ages of eight to fourteen now, were reassessed for the persistence of asthmatic symptoms and presence of other atopic co-morbidities (i.e. chronic rhinitis, eczema, food allergies) via a telephone interview.
Power calculation
According to the literature [16] , it is estimated that about 20% of SPT negative and 80% of SPT positive preschool children will develop persistent wheezing. To achieve a statistical significance at 95% confidence interval with the power set at 80%, the total number of patients needed for the study is 80 (40 on each arm).
Ethics and permissions
Ethics approval was obtained from the Singapore domain specific review board (DSRB B/2011/01843).
Data collection
All skin prick tests results between January 2002 and December 2006 were collected. The medical records of the children were obtained, and information regarding the clinical condition at the time of SPT were likewise retrieved.
Skin prick testing
All participating subjects underwent skin prick testing at ages two to five years old. Three types of common house dust mites in Singapore were tested: Blomia tropicalis, Dermatophagoides pteronyssinus, and Dermatophagoides farinae [17] . These were performed on the volar surface of the forearm. Histamine phosphate (1 mg/mL) and physiologic saline were used as positive and negative controls respectively. The results were read at 15 min, and the mean wheal size was represented as (X + x)/2 (X is the maximum diameter, and x is the perpendicular diameter). Mean wheal size of greater than or equal to 3 mm was regarded as positive.
Questionnaires
A validated questionnaire on current wheezing and asthma was used. This was based on the core questionnaires developed by the International Study of Asthma and Allergies in Childhood (ISAAC) for persistent wheeze, rhinitis, and eczema. Parents of the children recruited in the study completed these questionnaires via a telephone interview conducted by two of the authors, who were medical students. The interviewers were trained prior to the interview and familiarised with the study algorithm.
Statistical analysis
All statistical analyses were performed using SPSS ver. 17.0 (SPSS, USA). Baseline differences between the positive and negative SPT groups were evaluated with Pearson's chi-square, Fisher's exact and Mann-Whitney U tests. Associations between persistence of wheeze, rhinitis and eczema with a positive SPT were evaluated with Fisher's exact test. A p value of <0.05 was considered statistically significant. Relative risks, along with the 95% confidence intervals, of developing persistent wheeze, rhinitis and eczema with a positive SPT were also calculated
RESULTS
Of the 78 children who participated in the study, 42 (53.8%) out of the 78 children had a positive SPT to at least one HDM and 36 (46.2%) of them had a negative SPT.
Baseline demographics
Baseline demographics of children with positive SPT were compared against the baseline demographics of children with negative SPT. Baseline demographics used for comparison included gender, ethnicity, concomitant atopic conditions (allergic rhinitis, atopic dermatitis, allergic conjunctivitis, food allergies), frequency of wheezing during the first two year after SPT, age when SPT was done, number of previous hospitalizations due to wheezing episodes during the first two years after SPT, number of courses of oral prednisolone during the first two years after SPT and usage of maintenance steroid inhalers during the first two years after SPT. Differences in baseline demographics between the two groups were found to be statistically insignificant (p value > 005) using Pearson's chi-square, Fisher's exact and Mann-Whitney U tests (Table 1) .
Association with persistence of wheeze
Of the 42 children with a positive SPT, 18 (42.9%) still had wheezing episodes. Seven (19.4%) out of the 36 children with a negative SPT still had wheezing episodes. The association of a positive SPT with the persistence of wheezing is statistically significant, as two-tailed p value using the Fisher's exact test is 0.0314 (Table 2) . Children with positive SPT were 2.20 times as likely as children with negative SPT to continue to have wheezing episodes 4 to 9 years after the SPT was done (95% CI: 1.04-4.67).
Association with persistence of rhinitis symptoms
30 out of 42 children with positive SPT had allergic rhinitis at the time of SPT. 29 out of the 30 continued to have allergic rhinitis after four to nine years. 25 out of 36 children with negative SPT had chronic rhinitis when the SPT was done. All of them still had chronic rhinitis at the time of interview. The association of a positive SPT with the persistence of rhinitis is not statistically significant, as p value using Fisher's exact test is 1.00 (Table 3) .
Association with persistence of eczema symptoms
16 out of 42 children with positive SPT had atopic eczema at the time of SPT. 13 out of the 16 continued to have atopic eczema at the time of interview. Of the 36 children with negative SPT, 14 had chronic eczema at the time of SPT. Nine out of the 14 still had chronic eczema at the time of interview. The association of a positive SPT with the persistence of eczema symptoms is not statistically significant, as p value using Fisher's exact test is 0.226 (Table 4) . 
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DISCUSSION
The study shows that HDM sensitization, demonstrated by a positive SPT to HDM at an early age in Singaporean children, is associated with persistence of wheeze at age 8 to 14 years old. This suggests that children who have a positive SPT to at least one of the three HDM have an increased risk of maintaining their asthma after 4 to 9 years, than those with a negative test for HDM. Thus, the findings propose the use of SPT as an objective tool to prognosticate the persistence of wheeze in toddlers, age two to SPT, skin prick test. five years old, presenting with recurrent wheeze. At present, there are several theories explaining the pathogenesis of atopic wheeze, which usually results in persistent wheeze. For decades, the primary assumption is that allergy is caused by overactive immunological responses against allergens, driven by activated Th2 cells and due to aberrant T-regulatory cells [18, 19] . Recently, Turi et al postulated that the impaired epithelial barrier function that allows aeroallergens to trigger the overactive immunological responses could be a direct result of proteolytic activities of aeroallergens, including HDM [20] . The current hypothesis is that Der p1 m, the major allergen in HDM, causes injury to the epithelium and enters the tissue to induce inflammation via Toll-like receptor 4 [21, 22] . Another allergen found in HDM, Der p 2 also activates respiratory epithelial cells aggravating and resulting in a more prolonged and persistent wheeze [23] .
However, as to whether HDM is causal in its relationship with atopic wheeze, resulting in persistent wheeze, it is still a common consensus that HDM sensitization is one of the strongest and most consistent associations with persistence of wheeze in various types of studies from different populations across different time periods and age groups [24] [25] [26] [27] . Holt et al. [24] , in a population where HDM was the dominant allergen, had similar findings and found that specific IgE to HDM at age two years to be a strong predictive factor of persistent wheeze by age five years (12.7% risk). The Manchester Asthma and Allergy Study group, which studied the sensitization to HDM at age 1, 3, 5, and 8 years, also established that early sensitization to HDM carries the greatest risk of persistent wheeze [27] . Similarly, the Multi-Centre Allergy Study group concluded that those with early (1 year) inhalant sensitization to be a high-risk group for asthma at age 7 years [28] .
This makes a positive SPT to HDM, which demonstrates HDM sensitization, an important marker of potentially difficult and persistent wheeze in children, as it is the most common allergy in children in Singapore.
In this study, however, the association between HDM sensitization and current eczema or rhinitis was not demonstrated. Further studies, with larger population are suggested.
The differences in baseline demographics between the SPT positive and SPT negative groups were found to be statistically insignificant (p < 0.05) ( Table 1) . Thus, there are no potential confounding factors that may affect the results.
In conclusion, our findings have clinical implications. In areas of high HDM prevalence such as Singapore, HDM sensitization status demonstrated by a positive SPT could be used as an objective marker to identify toddlers at risk of persistent wheeze. Therefore, a positive SPT to HDM demonstrating HDM sensitization in young children with early wheeze would allow for more informed discussions between physicians and parents about subsequent risk of persistent wheeze, allowing for better management.
The limitation of this study is that all the participants were recruited from a high-risk group and therefore may differ from the general population in the prevalence of atopic and allergic disease. Further exploration can be done in populations who are not at similar risk. 
